A first-order derivative spectrophotometric method for the simultaneous determination of three textile dyes, Procion Yellow HE4R, Procion Red HE7B and Remazol Black 5 (RB5), has been developed. The effects of pH, heating and ionic strength of the solution on the absorption spectra of the dyes were investigated. The wavelengths selected for the measures of the derivative signals of HE4R (395 nm , respectively. The reliability and reproducibility of the method were tested and showed recovery values of 95.7 to 109%. The proposed method was applied for the determination of dyes in binary and ternary mixtures of textile effluents and showed an estimate of the loss of dyes for the effluents between 6.67 and 28.9%.
Introduction
Dyes are used in large quantities in many industries including textile, leather, cosmetics, paper, printing, plastic, pharmaceuticals and food. Approximately 10000 different types of dyes and pigments are available commercially, from which it is estimated that around 2000 are for the textile industries. This diversity of textile dyes is justified because each type of fiber to be colored with dyes requires its own characteristics. 1 The dyeing industries generate high volumes of sewage containing dyes that do not fix the fiber during the dyeing process. 2 Estimates indicate that 10 -15% of the dyes are lost in the effluents. 3, 4 The environmental impact caused by textile effluents without prior treatment is enormous.
These compounds are quite difficult to remove in water treatment procedures and can be transported from municipal sewers to rivers because of their high water solubility. 4 High concentrations of dyes in effluents cause visual pollution and may have an inhibitory effect on photosyntesis affecting aquatic ecosystems. 5 The color reduces light penetration into water, inhibits the growth of aquatic biota and interferes in gas solubility. 6, 7 Furthermore, the expanded uses of azo dyes have shown that some of them and some of their reaction products such as aromatic amines are highly carcinogenic. 8 This is worrying because the azo dyes are the most used in the world for the dyeing of fiber. 9 The presence of dyes in effluent and industrial wastewater is of considerable interest because of the potential for contamination of groundwater and drinking water supplies by compounds that may cause health risks. Therefore, the detection, identification and quantification of dyes in wastewater are important for the protection of natural waters.
The methods used for monitoring the dyes during the dyeing are generally based on liquid chromatography, spectrophotometry, polarography and voltammetry. 4, 10 The determination of dyes by chromatographic method has several problems because such of compounds that are usually ionic and of high polarities, as well as nonvolatile and thermally unstable. Also, the simultaneous determination of multielements by the use of traditional UV-Vis spectrophotometric techniques is difficult without any separation processes because of overlapped absorption spectra. 11 The spectra of complex mixtures are the sum of individual components. An improvement in sensitivity and selectivity can be achieved by use of selective spectrophotometric reagents, by implementation masking reactions or by separation of an analyte from a matrix. 12 Derivative spectrophotometry (DS) is one of the modern advanced spectrophotometric techniques. DS is based on the analysis of derivative spectra, which are generated from zeroorder UV-Vis absorption spectra. The obtained derivative spectra yield a more characteristic profile in comparison to the parent: new maxima and minima appeared and points where derivative spectra cross the X-axis. If the measurements heights of derivative peaks of analyte are performed at those wavelengths at which spectra of other components undergo zeroing, the measured amplitude is proportional only to the concentration of assayed compounds.
This approach of quantitative determination is called "zero-crossing technique". 12 The zero-crossing technique allows: the separation of signal overlap, elimination of background signals caused by the presence of the others compounds, and the quantification of the one or more analytes without prior separation and purification. 12, 13 Several studies have been conducted using the derivative spectrophotometric methods: first-order, [14] [15] [16] [17] [18] [19] 20 and fourth-order; 21 the results have been applied in the determination of food dyes, fungicide, pharmaceuticals and metals. Most methods are devoted to the determination of one main compound in the presence of matrix or the simultaneous determination of two analytes in their binary mixtures. The numbers of methods applied to resolving of ternary and quaternary mixtures are limited because of the complex derivative spectra that are generated. 12 In investigations of the dyeing process, the dye uptake is usually followed by spectrophotometric analyses of the dyebath, and the dye concentration is calculated according to the BeerLambert's law. 22 However this method is limited to simple samples of dyes. In this work, we proposed the simultaneous determination of three dyes: Procion Yellow HE4R, Procion Red HE7B and Remazol Black 5 (Fig. 1) ; these are classified as reactive dyes and are used in the dyeing of cotton fiber; by firstderivative spectrophotometry in samples of binary and ternary mixtures.
Experimental
Reagents and solutions Dyes. Procion Yellow HE4R, Procion Red HE7B and Remazol Black 5 (RB5) were provided by an industry: MR Malharia, Paraná state, Brazil. Stock solutions (10000 mg L -1 ) of dyes were prepared from dry mass by dissolving appropriate weights in deionized water and the solutions were stored. Working solutions were prepared every day from the stock solution diluted with deionized water.
Reagents. To prepare solutions similar to the dyebath of industry and to avoid possible interference of the sample matrix, were used some reagents: Ateblanc B-SS, Tebolan Buff and Transferin GWN that were provided by the industry being studied. Solutions with the concentrations of 10% (v/v) of each reagent were prepared in deionized water. For every 100 mL of standard solution of dye prepared were added 1.0, 1.5 and 2.0 mL of the solutions Ateblanc B-SS, Tebolan Buff and Transferin GWN (10%, v/v), respectively. (Note: these reagents have specific functions in the process of dyeing: for example, deposits inhibitors of silicate, calcium, magnesium and iron).
Apparatus
A shaking waterbath and Teflon tubes with caps were used in the experiment. Absorption spectra were recorded on a Varian Cary 50 UV/Vis spectrophotometer. All samples were measured using a 1 cm path-length quartz cuvette. The pH values were measured with a Quimius Q-400 pH meter.
Procedure
In 100 mL beakers, aliquots of the dye stock solutions to obtain mixture or individual solutions of concentrations between 250 and 2000 mg L -1 were introduced together with volumes of 1.0, 1.5 and 2.0 mL of the solutions Ateblanc B-SS, Tebolan Buff and Transferin GWN (10% v/v), respectively. The solutions were diluted to ±50 mL with deionized water; 8.0 g of NaCl p.a. and 2.0 g of Na2CO3 p.a. were added and each mixture was shaken. After dissolving was completed, the solutions were transfered into 100 mL standard flasks and diluted to the mark with deionized water. Then each solution was transfered to Teflon tubes that were duly sealed and taken to the shaking waterbath for 80 min at 85˚C. After the heating, the tubes were cooled and the solutions were stored in polypropylene bottles. ). Spectra of all the solutions were measured against a blank prepared under similiar conditions. The measurements were carried out at 25 ± 0.5˚C. The derivative spectra were generated using the Savitzky-Golay procedure by the Origin program (Version 6.1) and to the tenth polynomial degree. Amplitudes of these first-derivative spectra, from the base-line to the peak, at 395, 604 and 659 nm were proportional to the HE4R, HE7B and RB5 concentrations, respectively.
Detection limit (DL) and quantification limit (QL)
The DL was estimated by taking three times the standard deviation of the amplitudes of first-derivative spectra from working solutions of dyes and calculating the corresponding concentration of each dye. The QL was estimated by taking 10 times the standard deviation of first-derivative spectra from working solutions of dyes and subsequently calculating the corresponding concentration. 23 
Procedure for real samples
Samples of binary and ternary mixtures containing the HE4R, HE7B and/or RB5 were collected from the dyebath of an industry. Sampling was done between dyeing and washing stage of the process (primary effluent). The samples were collected in polyethylene bottles, brought to the laboratory and filtered through the membrane filters of 0.45 mm.
Then the determinations of dyes were carried out. 
Results and Discussion

Effect of pH
The absorption spectra of aqueous solutions of HE4R, HE7B, RB5 and their mixtures in the 350 -750 nm wavelength range are shown in Fig. 2 . The spectra of HE4R, HE7B and RB5 possess absorption bands at 408, 545 and 608 nm, respectively. Such spectral characteristics do not allow the direct spectrophotometric determination of one compound in the presence of the second one due to their strong overlap.
The effect of pH on the absorption spectra of dyes can change the spectral shape. 24, 25 This effect has been investigated individually over a range of pH values between 2.0 and 13.0. The results obtained show that there were no significant variations of spectra in pH ranging from 2.0 to 12.0 for HE4R and RB5. However, the HE7B shows in pH 12.0 a change in the spectra and a decrease of molar absorptivities (Fig. 3) .
Effect of heating
In the process of dyeing industry, the dyebaths are subjected to temperatures that depend on the tone of color required. For the kinds of dyeing chosen here, the dyebaths are heated to temperatures of 85˚C. This stage is held in basic conditions resulting from the addition of salt sodium carbonate (20.0 g L -1 ), which increases the pH of the dyebath to approximately 10.0.
The basic condition is required for the elimination of sulfonate groups, prevailing in the reactive dyes, producing the vinylsulfone compounds that react with hydroxyl groups of cellulosic fibers. 1 Figure 4 presents the absorption spectra of individual working solutions of three dyes at 30.0 mg L -1 before the heating and after the heating with and without the addition of sodium carbonate. One can observe Fig. 4B that, in basic condition and under heating, changes in the spectrum of HE7B occurred between the ranges of wavelength of 400 to 500 nm and near the peak of maximum absorbance. The effect of the heating is more pronounced for the HE4R according to Fig. 4A . The heating increased the absorbance signal (hyperchromic shift) and in basic conditions one can see an increase and a shift of spectrum for higher values of wavelength (bathochromic shift). For the RB5 no change was observed in the absorption spectrum (Fig. 4C) .
The changes that occurred in the spectra of dyes HE4R and HE7B are examples of the effect of dye aggregation that may compromise the spectophotometric determinations. In the derivative spectrophotometric determination, these changes may provide erroneous results from the derivative signal as shown in Fig. 5 .
Derivative spectrophotometric method
The derivatization of absorption spectra enables the separation of hidden signals and can use them for quantitative purposes. A larger number of preliminary tests using aqueous solutions of dyes at 30.0 mg L -1 and their equimolar mixture were made to select the most convenient derivative order, scanning speed of spectra, Dl and values of the polynomial degree. After careful studies, the first order derivative, Dl = 1 nm, scanning speed of 400 nm s -1 and tenth polynomial degree were chosen for the dyes. As the result in Fig. 5A shows, some zero-crossing interferent points were obtained, which enable the determination of each individual compound in the presence of others. According to the derivative spectra, the determination of RB5 is possible between the ranges of 650 to 700 nm; at these wavelengths the influence of HE4R and HE7B are equal to zero. As at 606 nm the first-derivative spectrum of RB5 crosses the X-axis and that of HE4R is equal to zero, this wavelength can be selected for HE7B. The HE4R can be determinated at 430 nm since the contributions of the derivative signs of HE7B and RB5 are negligible.
As mentioned above, the heating of the dye solutions causes changes in the absorption spectra that consequently affect the shape of the derivative spectra. To compensate the effect of heating, working solutions of dyes at 30.0 mg L -1 and their mixture, as described in Procedure, were analyzed. These solutions were prepared under the conditions similar to processes of the dyeing industry. Figure 5B shows the firstderivative spectra of the dyes and their mixtures. According to Fig. 5B , the values of wavelength for determination of HE4R and HE7B changed and those of RB5 have remained when compared with Fig. 5A . At 395 nm the HE4R can be determined, the abscissa corresponds to the intersection point of the firstderivative spectra of this compound with the other, indicating that the contribution of RB5 and HE7B is negligible at this wavelenght. The wavelength selected for the HE7B changed of 606 to 604 nm and that for the RB5 has remained in 659 nm.
Effect of ionic strength
The influence of the ionic strength on the first-derivative spectra of the dyes was tested for higher the concentrations of NaCl (0.0, 0.8, 1.6, 3.2 and 4.0 g L -1 ) in individual working solutions (40.0 mg L -1 ); these solutions were prepared as described in Procedure. The addition of NaCl to a dyebath has the effect to increasing the degree of aggregation of the dye moleculas via the common ion effect. This would have the effect of promoting the exhaustion of the dye onto the fiber, since suppression of the ionization of the dye in solution effectively reduces the solubility imparted to it through its sulfonate groups. This reduction in solubility modifies the solution equilibrium in favor of the movement of dye aggregates from the solution to the fiber. 26 The study of ionic strength with NaCl is important for two reasons. First, the aggregation of the dyes, caused by the addition of the electrolyte, can promote changes in the absorption spectra of the dyes. 25 Secondly, the real limitations to Beer's law are encountered only in relatively concentrated solutions of the analyte or in concentrated electrolyte solutions. 27 The deviation is related to the direct proportionality between the measured absorbance and the concentration.
The derivative amplitudes at 395, 604 and 659 nm for HE4R, HE7B and RB5, respectively, are shown as a function of the concentrations of NaCl in Fig. 6 . According to Fig. 6 , there were no significant differences between the derivative amplitudes of each dye. The results indicate that the evidence of an aggregation effect is more pronounced when dye solutions are submitted to heating. Thus, to avoid the effect of the sample matrix was kept concentration of NaCl at 1.6 g L -1 for preparation of the calibration curve. This concentration is similiar to that used in the process of dyeing. 
Analytical characteristics
Using the optimum instrumental conditions found previously and the working solutions, the calibration graphs for three dyes were constructed by plotting the absolute values of the first derivative signal (dA/dl) at 395, 604 and 659 nm for HE4R, HE7B and RB5, respectively, against different concentration of the three dyes. The concentration of the dyes can be estimated from linear calibration curves. Table 1 gives the typical calibration equations obtained, the regression coefficients and other analytical figures of merit, such as the analytical sensitivity, the detection limit, the quantification limit and the linear dynamic range.
Application
The proposed method was successfully applied to the simultaneous determination of HE4R, HE7B and RB5 in samples of binary and ternary mixtures (diluted in the ratio of 1:50 with deionized water). Figure 7 shows the similarity between the first-derivative spectrum of a sample and that of a mixture working solution. The derivative signal difference in 659 nm is due to the low concentration of RB5 in the sample.
The results obtained for determinations of compounds are shown in Table 2 . In order to evaluate the results, were also indicated in Table 2 the recovery values of the added dyes (10.0 and 3.0 mg L -1 ) in the diluted samples. The samples containing the three dyes can be analyzed with recoveries between 98 to 109%, hence in all instances good results were obtained.
Recovery values for the HE4R and HE7B were all above 100%, because there are negative and positive derivative amplitudes of dyes in the wavelength selected for HE7B (604 nm) and HE4R (395 nm), respectively.
The efficiency of the dyeing processes of industry was estimated from the knowledge of the concentration of dyes before and after the dyeing. Table 3 shows the concentrations of dyes used in the dyebath and the concentrations determined by the proposed method. According to the results, we estimate that up to 29% of dyes are lost to the effluent.
Conclusion
A derivative spectrophotometric method has been developed for the simultaneous determination of textile dyes in samples of binary and ternary mixtures. The effects of pH, heating and ionic strength of the solution on the spectra were investigated. The results indicated that the effect of heating may interfere significantly in the simultaneous determination of dyes. Working solutions similar to the dyebaths of the industry were prepared to eliminate the effect of the sample matrix in determination of dyes, which indicated significant losses for the sewage treatment process. The proposed method is simple, very sensitive, selective and suitable for routine analysis in industry and laboratory.
Interest in the potential for applications of the proposed method will rise with the coupling to other analytical techniques, such as the flow analysis and chromatography. The use of a diode-array spectrophotometer allows one to obtain that several absorption spectra in a few seconds. After recording, the zeroorder spectra may be subjected to a mathematical treatment to generate the derivative spectra. 
